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which	 aflatoxin	 B1	 (AFB1)	 is	 the	most	 representa-
tive	 (Goldblatt,	1969).	 If	AFB1	 is	present	 in	 the	
feed	of	lactating	animals,	they	will	excrete	aflatoxin	
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tria,	Turkey	and	 Italy)	have	 specified	 limits	within	
the	range	of	200-450	ng	kg-1.	In	Spain,	no	regulation	
to	control	the	presence	of	AFM1	 in	dairy	products	





	 When	 cheese-making	 is	 carried	 out	 using	
AFM1-contaminated	 milk,	 this	 toxin	 is	 likely	 to	
have	 become	 enriched	 in	 the	 final	 curd	 compared	
to	 that	 found	 in	milk.	This	 could	 be	 explained	by	
both	the	capacity	of	AFM1	to	somehow	bind	caseins
	




these	 proteins,	 but	 also	 with	 other	 different	 ones	
present	in	whey	as	a	larger	amount	of	this	toxin	has	








Blanco	 et	 al.,	 1988;	Deveci,	 2007;	Manetta	 et	
al.,	 2009).	Nevertheless	 in	 different	 products	 like	






	 A	 partition	 of	 AFM1	 occurs	 between	 whey	
and	curd,	with	40-60	%	of	the	total	AFM1	amount	






















	 The	 present	 work	 aimed	 to	 investigate	
AFM1	 distribution	 in	 the	 intermediate	 dairy	 pro-
ducts	 derived	 from	Manchego	 cheese	 production,	
such	as	curd,	whey,	Requesón	and	Requesón	whey,	





AFM1 contamination of milk and cheese-making
	 Two	10-litre	vats	of	Manchego	raw	ewe’s	milk	
were	 prepared	 in	 duplicate	 to	 manufacture	 Man-
chego	cheese.	Milk	was	firstly	analysed	without	de-
















	 To	 produce	 the	 typical	 Spanish	 whey	 cheese	
known	as	Requesón,	the	obtained	whey	was	heated	
with	 slight	 yet	 constant	 stirring	 at	 90	 °C.	 Having	
reached	 this	 temperature,	 stirring	was	 interrupted	
until	a	temperature	of	90	°C	was	achieved	to	favour	
protein	coagulation;	the	proteins	floating	on	the	sur-









Requesón	 and	 1	 cheese	 aliquot(s)	 were	 collected	
from	 each	 vat.	 Two	 curd	 and	 2	Requesón	 aliquots	
were	placed	into	hermetic	containers	for	2	days	at	
6±2	°C	for	the	refrigeration	experiment,	and	3	curd	
aliquots	were	 frozen	 for	2,	7	 and	14	days,	 respec-
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tively,	 at	 -25	 °C	 for	 the	 freezing	 experiment.	 All	
the	 samples	 were	 analysed	 after	 the	 preservation	














determined	 using	 a	 Foodscan	 (FossElectric,	 Hill-
erød,	Denmark)	at	the	Castilla-La	Mancha	Univer-
sity’s	Food	Quality	laboratory.
AFM1 determination by HPLC
	 For	 the	 clean-up	procedure	 before	 the	HPLC	
analysis,	immunoaffinity	columns	(AFLAPREPÒ	M,	









solution	 and	5	 g	 of	Celite	545	by	 agitation	 for	 45	








	 The	AFM1	 content	 in	 the	 samples	was	 deter-
mined	at	the	Animal	Science	and	Technology	Insti-
tute	(Polytechnic	University	of	Valencia)	 following	
the	 ISO	 (2007).	 Samples	 were	 analysed	 in	 a	Wa-
ters	HPLC	 system	 (Milford,	MA,	USA)	 equipped	
with	two	515	pumps,	a	717	autosampler	and	a	745	
fluorescence	 detector.	 The	 volume	 injected	 into	
the	HPLC	system	was	100	μL	and	each	extract	was	
injected	 in	 duplicate.	 Separation	 was	 performed	
in	 a	Waters	 (Milford,	 MA,	 USA)	 Nova-Pak	 C-18	
column	(150	mm	x	4.6	mm	x	5	μm)	in	7	minutes	
at	 room	 temperature	with	 a	 retention	 time	 of	 4.5	





Scotland,	 1024	 ng	 mL-1	 of	 AFM1	 in	 acetonitrile,	
w/v)	was	diluted	 in	water-acetonitrile	(90:10,	v/v)	
to	 give	 a	 standard	 stock	 solution	 (102.4	 ng	mL-1).	





the	 injected	quantity	 of	AFM1	were	 employed	 for	
plotting	the	calibration	curve.	The	data	from	the	cal-
ibration	curve	and	the	formula	included	in	the	ISO	
















compositions	 is	provided	 in	Table	1.	All	 the	values	
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concentration	 of	 108.0	 ng	 kg-1	 (vat	 50)	 and	 161.7	
ng	kg-1	(vat	100),	values	which	represent	contamina-
tion	 levels	of	2.7-	 and	2-fold	higher	 than	 the	milk	
they	were	made	 from.	After	 the	 ripening	 process,	
these	values	in	cheese	were	2.9-	and	2.7-fold	higher,	
which	AFM1	 values	were	 139.0	 ng	 kg
-1	 and	 221.3	
ng	kg-1	 for	 vat	50	and	vat	100,	 respectively.	These	











Cheddar	 (Brackett	 and	 Marth,	 1982)	 or	 Grana	
Padano	(Manetta	et	al.,	2009),	with	a	wider	con-
centration	 range	 and	 increases	 of	 2.5-	 to	 4.5-fold.	
When	 considering	 the	 manufacturing	 procedure,	
some	differences	can	be	found	in	the	cheeses	made	
with	and	without	rennet,	with	a	3-	and	4.2-fold	in-
crease,	 respectively,	 than	 those	 found	 in	 the	 milk	
employed	 (Wiseman	 and	Marth,	 1983).	The	 re-

























that	 the	 total	 amount	of	AFM1	 in	milk	 is	 approxi-
mately	the	sum	of	the	corresponding	amounts	found	
in	 curd	 and	whey,	with	mean	 values	 of	 507.4	 and	
792.8	ng	for	vat	50	and	vat	100,	respectively.
	 Whey	presented	mean	AFM1	 levels	 (Table	2),	





Yield	(kg) Fat1	(%) Moisture	(%) Salt	(%)
50a 100b 50a 100b 50a 100b 50a 100b
Curd 2.9±1.2 3.1±2.2 54.6±0.0 53.7±0.0 50.5±2.3 51.2±2.9 1.0±0.1 1.2±0.0
Requesón 0.6±2.1 0.5±3.0 42.1±0.1 40.1±0.0 70.3±3.2 71.1±0.1 1.0±0.1 1.1±0.1
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When	 whey	 was	 used	 to	 make	 Requesón,	 once	
again,	AFM1	levels	were	approximately	double	when	
comparing	vat	50	and	vat	100,	with	a	mean	concen-









a	mean	 toxin	 loss	of	 around	19	%	was	observed	 if	
compared	 to	 the	 corresponding	 whey	 they	 were	











in	 Spain	 is	 an	 option	 used	 to	 avoid	 the	 high	 costs	
involved	in	destroying	whey	given	its	high	contami-
nation	capacity.	As	 it	may	be	used	for	animal	 feed	
or	 for	 manufacturing	 Requesón	 destined	 for	 food	
consumption,	 acquiring	 information	 about	 AFM1	
levels	in	whey	is	very	worthwhile,	and	it	is	equally	






ments	 (refrigeration	 or	 freezing)	 (Brackett	 and	
Marth,	1982;	Wiseman	and	Marth,	1983;	Blanco	
et	al.,	1988).	According	to	the	results	of	this	work,	
AFM1	 levels	would	 not	 be	 affected	 if	 these	 treat-
ments	were	required	to	preserve	the	solid	interme-
diate	dairy	products,	even	after	14-day	periods	(Fig-









and	 Requesón	 samples,	 although	 no	 statistical	 dif-
ferences	(P>0.05)	among	the	3	analysis	days	were	
found.	A	similar	situation	occurred	with	the	freezing	




remained	 constant	 until	 analysis	 day	 14,	 thus	 the	
cold	 effect	was	more	marked	 in	 the	 first	 48-hour	
period;	 once	more,	 no	 statistically	 different	 values	














Milk 47.8±1.9 497.1 80.3±7.1 811.1
Curd 108.0±9.0 377.9 161.7±7.3 504.5
Cheese 139.0±6.4 -2 221.3±3.2 -2
Whey 20.2±0.5 129.5 41.2±9.6 288.3
Requesón 34.3±5.8 19.2 74.1±6.2 40.8
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	 The	 results	 of	 this	 work	 indicate	 that	 when	
AFM1	appears	 in	ewe’s	milk	at	 the	EU	limit	 level,	
or	at	double	this	limit,	the	concentrations	resulting	
in	 the	 produced	 curd	 and	 Manchego	 cheese	 may	
present	an	approximate	mean	of	2-	and	3-fold	high-








(whey,	 Requesón	 and	 Requesón	whey)	would	 also	
contain	AFM1	levels,	which	should	be	carefully	con-
sidered	 if	 destined	 to	 human	 or	 animal	 consump-
tion.	 On	 the	 other	 hand,	 refrigeration	 or	 freezing	
treatments	neither	 affect	 the	preservation	of	dairy	
products	 for	 appropriate	 laboratory	work	 planning	
management	purposes	nor	influence	AFM1	content.
Aflatoksin M1 u mliječnim 
međuproduktima nastalim u proizvodnji 
Manchego sira: razdioba i postojanost
Sažetak
	 U	istraživanju	je	utvrđivana	razdioba	aflatoksina	
M1	 (AFM1)	 u	 grušu,	 sirutki,	Manchego	 siru,	 tradi-
cionalnom	 španjolskom	 Requesón	 siru	 načinjenom	
od	 sirutke	 i	 Requesón	 sirutki	 te	 njegova	 stabilnost	
tijekom	dva	 različita	 tretmana	hlađenja.	Svježe	ov-




kon	 potpunog	 pročišćavanja	 imunoafinitetnim	 po-










nisu	 utjecala	 na	 razinu	 toksina	 u	 grušu	 i	 Requesón	
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